SUMMARY
The presence of an anomalous right upper lobe (RUL) bronchus originating from the trachea, at the level of or above the carina, increases the risk of complications following endotracheal tube intubation. If inserted too deeply, the tube may obstruct the may not be detected during bilateral chest auscultation. Thus, non-ventilation and collapse of the RUL may remain undetected and can result in hypoxaemia. We present such a case to remind the clinician that the presence of an ectopic RUL bronchus should be included in the differential diagnosis of unexplained hypoxaemia following endotracheal intubation, particularly in an otherwise healthy patient.
CASE HISTORY
A 29-year-old Chinese male nurse, weight 70 kg, presented for a right arthroscopic anterior cruciate ligament repair. He had past good health, other than childhood asthma which required occasional bronchodilator therapy. In 2003 he was hospitalised for two months with severe acute respiratory syndrome (SARS), which did not require ventilation but was treated with high-dose steroids. A few months later he injured his right knee playing basketball. He had received four previous uneventful general anaesthetics for orthopaedic procedures, three since the injury and an episode of SARS. For each anaesthetic a laryngeal mask airway was used. He was not taking any regular medications. Physical examination was unremarkable. He had no fever or evidence of upper respiratory tract infection. Routine laboratory investigations, including the chest X-ray, were normal. No premedication was given and he was well fasted.
He arrived in theatre at 1230h. Intraoperative monitoring included 3-lead ECG, automatic blood pressure cuff, pulse oximeter and an oral temperature probe. Anaesthesia was induced with propofol 150 mg, fentanyl 75 μg and rocuronium 40 mg. The trachea was intubated with a size 8.0 mm cuffed oral tracheal tube taped at 24 cm at the lips. The vocal cords were easily seen. The anterior chest was auscultated and apparently equal breath sounds were heard bilaterally. Anaesthesia was maintained was ventilated using a circle and carbon dioxide absorber system. The end-tidal CO 2 was maintained 2 intravenous infusion of 500 ml of normal saline was given. Prophylactic antibiotics were also given 280 mmHg on the right thigh. Surgery and anaesthesia were uneventful and lasted 75 minutes.
At the end of the procedure, the anaesthetic gases expand the collapsed lobe by hyper-expanding the lungs and chest physiotherapy were unsuccessful. A repeat chest X-ray showed no improvement in the RUL collapse. After another hour the patient's X-ray showed some resolution of the lobe collapse were discontinued and neuromuscular blockade was reversed with neostigmine and atropine. When the patient was awake and obeying commands his trachea was extubated. However, the patient subsequently fell. He was turned lateral, but the attending anaesthetist was unable to ventilate the patient's lungs by whether or not the patient had developed laryngospasm. The patient was re-intubated following a dose of suxamethonium 100 mg without any additional sedative drug. Following re-intubation the patient's lungs were easy to ventilate with equal breath sounds heard bilaterally. However, the patient remained persistently hypoxic with oxygen saturations a small amount of clear white sputum. An on-table portable chest X-ray showed a complete white-out of the RUL consistent with collapse ( Figure 1 ). A propofol infusion was commenced to keep the patient anaesthetised. Flexible bronchoscopy was performed which showed an anomalous additional right bronchus arising at the level of carina ( Figure 2 ). The patient was transferred to the recovery room still anaesthetised. A further bronchoscopy was performed which anomalous RUL bronchus arising at the carina supplying two lung segments. A much smaller RUL bronchus at the usual position was found that supplied one lung segment of the RUL (Figure 3 ). Sputum was moderate and there was no blood staining. There was no obstruction or oedema of the airways. ( Figure 4) . It was noted that on the chest X-ray, the tip of the endotracheal tube was now positioned 2 cm above the carina. As the endotracheal tube was now taped at 22 cm rather than 24 cm, the tip of the original endotracheal tube would have been at the level of origin of the anomalous bronchus intraoperatively.
was used for airway management. In the present anaesthetic, there was evidence that the tip of the endotracheal tube was at the level of the carina intraoperatively, being taped at the lips to 24 cm. The usual practice in our hospital is to tape the endotracheal tube at the lips to 20 to 22 cm. Thus we postulate that, because the tube was inserted unnecessarily deeply, the tube tip obstructed the causing non-ventilation and lobar collapse. The anomalous bronchus supplied two segments, putting the majority of the right upper lobe at risk (Figure 3) . Precisely when the lobar collapse occurred is unclear. The patient remained stable throughout surgery, suggesting that he either had tolerated the non-ventilation of the RUL during the procedure, or the collapse was manifested during the reversal phase, which is less likely.
The patient also required over one hour of positive pressure ventilation before any improvement in the lung condition was seen (Figure 4) . The duration of the collapse was consistent with the hypothesis that this was an abnormally placed bronchus to which it more, attempts by recovery room staff to re-expand the collapsed RUL by manually hyper-expanding the lungs and chest physiotherapy had failed, suggesting that mechanism of collapse was not straightforward. Possibly the aberrant nature of the bronchus may have caused it to kink. An experienced physiotherapist may have been more successful when attempting to re-expand the lobe.
. They almost always originate on the right tracheal wall. There is an increased association with respiratory morbidity (particularly recurrent right upper lobe pneumonia) in childhood 7 and with Down syndrome and rib abnormalities 7 . Perioperative resbut only rarely in adults 5 . This could be due to the relatively short tracheal length in children.
Adult patients with an anomalous RUL bronchus also suffer from a reduced margin of safety with endotracheal and rarely double-lumen tube placements 8 . The depth at which a regular endotracheal tube could be safely inserted is determined by the distance distance is typically less than 2 cm in an adult although a higher (3 cm) location has caused intraoperative hypoxaemia in an adult 8 . In our patient, the tube was initially taped at 24 cm at the lip. This is reported to be the upper limit at which the tip of the endotracheal tube is positioned mid-tracheally 9 . However, in a 2.5 hours after the initial incident, and was discharged back to the surgical ward one hour later. Overnight the patient was stable and the morning chest X-ray showed almost complete resolution of the RUL collapse. Subsequent interview with the patient provided no history suggestive of a previous RUL collapse, despite a two-month admission for SARS. There was no history of frequent chest infections other than childhood asthma, which was treated with occasional bronchodilator inhalers.
DISCUSSION
The patient developed RUL collapse intraoperatively secondary to obstruction of an anomalous right upper tracheal bronchus. The problem presented with postoperative hypoxia and was diagnosed examination of the airway. Isolated RUL collapse during anaesthesia is uncommon and usually associated with paediatric patients [1] [2] [3] or the use of doublelumen tubes 4 . Lobular collapse in association with anomalous bronchi in adult patients has been reported rarely 5 . It is notable that our patient had received four previous general anesthetics without a similar episode. Neither did the patient manifest a problem during his hospital admission with SARS. However, in his previous anaesthetics, a laryngeal mask airway smaller Asian subject this distance may be less. Thus we have good evidence to suggest that the tip of the endotracheal tube in our case was occluding the this anomaly could be particularly important in small children in whom a cuffed paediatric tube, already associated with a reduced margin of safety 10 , is used. Moreover, laparoscopic abdominal surgery may further reduce this margin of safety 11 .
population, one should include in the differential diagnosis of unexplained hypoxaemia in an intubated patient the possibility of an obstructed anomalous X-ray is recommended in all unexplained cases of perioperative hypoxia. Furthermore, the radiographic In summary, a case is presented where hypoxaemia and right upper lobe collapse occurred secondary to obstruction by a deeply placed anomalous tracheal bronchus. Given that the incidence of anomalous RUL bronchus in adults possibility of this potential complication of using endotracheal tubes.
